Background The occurrence of postoperative complications may have a significant negative impact on the prognosis of patients with gastrointestinal cancers. The inflammatory response releases systemic cytokines, which may induce residual cancer cell growth. Recently, neoadjuvant chemotherapy (NAC) was found to improve the prognosis of advanced gastric cancer (GC). We hypothesize that when postoperative complications occur after gastrectomy, NAC treatment of micrometastases can prevent residual cancer cell growth. Methods This study included 101 patients who underwent curative resection after NAC for GC from 2005 to 2015. Clinical data, including intraoperative parameters, were collected retrospectively. Overall survival (OS) and relapse-free survival (RFS) were compared between the patients with complications and those without complications. Results Of the 101 patients, 35 (34.7%) had grade 2 or higher complications. Among those with complications, the 3-and 5-year OS rates were 63.5 and 58.2% and the 3-and 5-year RFS rates 41.7 and 41.7%, respectively. Among those without complications, the 3-and 5-year OS rates were 65.9 and 56.3% and the 3-and 5-year RFS rates 51.1 and 43.9%, respectively. There was no significant difference in prognosis between the patients with complications and those without complications. Conclusion Our study is the first to demonstrate the potential of NAC to abolish the poor prognosis induced by postoperative complications after curative resection for GC.
Introduction
Gastric cancer (GC) is the fourth most commonly diagnosed malignancy and the second leading cause of cancer death worldwide [1] . Despite the recent progress in cancer treatment, the prognosis of patients with advanced GC remains poor. Gastrectomy and regional lymph node dissection are the most powerful treatments for patients with GC; however, recurrence and metastasis can be observed in 20-60% of patients even after curative surgery for GC [2] [3] [4] . Approximately 10-20% of patients with GC who are considered for potentially curative resection have invisible peritoneal seeding at the time of surgery, and even patients treated with curative intent experience invisible metastasis not long after resection [5] . Despite significant advances in surgical skills and medical instruments such as laparoscopic or robotic devices, surgery is not capable of treating invisible micrometastases in blood and other organs and thus cannot prevent all cases of recurrence.
Previous studies revealed that the occurrence of postoperative complications, especially inflammatory complications, could have a significant negative impact on the prognosis of patients with colorectal cancer, esophageal cancer, and GC [6] [7] [8] [9] [10] [11] [12] [13] . The association between postoperative complications and a negative prognosis is considered to result from the release of systemic cytokines during inflammatory responses, and these factors may induce residual cancer cell growth [10, 14] .
Adjuvant chemotherapy with S-1 demonstrated a significant survival benefit over surgery alone in patients with GC, and it was successful in treating invisible micrometastases [15, 16] . Recently, administration of neoadjuvant chemotherapy (NAC) was found to improve the prognosis of patients with advanced GC by downstaging the tumor, eliminating micrometastases, and rapidly improving tumorrelated symptoms [17] [18] [19] [20] [21] [22] [23] . We hypothesized that eliminating micrometastases by NAC before postoperative complications occur after gastrectomy may suppress the growth of residual invisible cancer cells and control metastasis.
The aim of this study was to evaluate whether NAC abolishes the poor prognosis induced by postoperative complications after gastrectomy.
Patients and methods

Data collection
From March 2005 to December 2015, a total of 101 patients with GC underwent curative (R0) gastrectomy after receiving NAC at the Cancer Institute Hospital of the Japanese Foundation for Cancer Research, Tokyo, Japan. The eligibility criteria for NAC were bulky N GC, para-aortic lymph node swelling, and type 4 and large type 3 GC (clinical trial: JCOG0501, 1002). Surgery was performed within 3-5 weeks from the last chemotherapy treatment. Gastrectomy and lymph node dissection were carried out according to the recommendations of the Japanese Research Society for GC [24] . Patients underwent open gastrectomy with standardized extended lymphadenectomy (D2). Moreover, we performed para-aortic lymph node dissection if paraaortic lymph node swelling persisted after NAC. If paraaortic lymph node swelling did not persist after NAC, we performed para-aortic lymph node sampling. Tumor staging was evaluated according to the seventh edition of the International Union Against Cancer tumor, node, metastasis (TNM) classification system. Information including patient characteristics, surgical records, and pathological data were obtained from a database of the Cancer Institute Hospital. The dates and causes of death were determined from followup data collected during clinical examinations performed every 3-6 months after discharge.
Evaluation of complications
During the postoperative period, all patients were observed for any complications, and only those occurring within 1 month after surgery were recorded. The severity of postoperative complications was evaluated according to the Clavien-Dindo classification system. We considered complications of grade II or higher as postoperative complications in this study, and we divided the patients into two groups: those with complications (C group) and those without complications (NC group). When two or more complications occurred in one patient, the higher-grade complication was used. We considered inflammatory complications such as pneumonia, catheter infection, cholecystitis, and infection at the surgical site (SSI), including wound infection (superficial and deep incisional SSIs) and organ space SSIs caused by abscess, leakage, and pancreatic fistula. Additionally, to evaluate the postoperative inflammation status, we obtained blood samples from patients on days 1, 3, 5, and 7 after surgery and measured relevant parameters including white blood cell (WBC) counts and C-reactive protein (CRP) levels. Body temperature (BT) was measured every day, and the peak BT for each day was recorded.
Statistics
Overall survival (OS) was defined as the interval from surgery to the date of death from any cause, or the last followup in living patients. Recurrence-free survival (RFS) was defined as the interval from surgery to either the first recurrence or death from any cause. Clinicopathological characteristics and laboratory data were compared between the C and NC groups using the chi-square test for categorical variables and the Mann-Whitney U test for continuous variables. Cumulative survival was plotted using the Kaplan-Meier method, and differences were compared using the log-rank test. P values < 0.05 were considered statistically significant. The Cox proportional hazards model was applied to assess the effects of covariates on RFS in both univariate and multivariate analyses with the categorical covariates listed in Tables 3 and 4 . We conducted multivariate analysis using factors that were < 0.10 in univariate analysis (age, gender, ypN, histological response, operation time, and blood loss). Patients with missing covariate values were excluded. All tests were analyzed using JMP software (SAS Institute Inc., Cary, NC, USA).
Results
Patient characteristics
A total of 35 patients (34.7%) were included in the C group and a total of 27 patients (26.7%) were included in the inflammatory complications group. The complications experienced were anastomotic leakage (3 patients, 3.0%), pancreatic fistula (7 patients, 6.9%), intra-abdominal infection (10 patients 9.9%), pneumonia (3 patients, 3.0%), wound infection (2 patients, 2.0%), catheter infection (1 patients, 1.0%), and cholecystitis (1 patients, 1.0%). Of these, 18 (17.8%) patients had grade 3 complications requiring surgical, endoscopic, or radiological intervention. Table 1 summarizes the baseline characteristics before surgery of the 101 patients who underwent curative resection for GC according to the presence of complications. The incidence of complications was only significantly associated with sex. Table 2 summarizes the intraoperative factors and postoperative pathological factors. The C group had a significantly longer operation time and a tendency towards an extent lymphadenectomy rate. However, the pathological stage and proportion of the patients who received adjuvant therapy were not significantly different between the two groups. Moreover, the data on the duration of adjuvant chemotherapy were not significantly different between the two groups.
Survival outcomes
The median follow-up time for the 101 patients was 33.7 months. Of the 41 patients (40.6%) who died within this period, 33 died of GC. During the follow-up, 50 patients (49.5%) developed recurrence (24 in the lymph nodes, 15 in the peritoneum, 10 in the liver, and 7 in other sites), while 6 patients (5.9%) died from other diseases. Among all patients, the 3-year OS rate was 65.5% and the 3-year RFS rate was 45.8%. In the C group, the 3-year OS rate was 61.9% and the 3-year RFS rate was 41.7%. In the NC group, the 3-year OS rate was 65.7% and the 3-year RFS rate was 47.0%. The OS and RFS results are represented graphically in Fig. 1a , b, respectively, and the resultant curves stratified by inflammatory complications are shown in Fig. 2a , b. There were no significant differences between the two groups. The only risk factor for 3-year OS was the histological response of the primary tumor. The risk factors for 3-year RFS were histological response of the primary tumor and gender. The presence of complications was not a risk factor for survival in this cohort (Tables 3, 4 ).
Postoperative changes in the WBC count, CRP level, and BT Figure 3 shows the changes in clinical and laboratory data according to the presence of inflammatory complications over the postoperative period. The mean BT peaked on day 1 and then decreased. The mean WBC count and CRP level peaked on day 3 and then decreased. The mean WBC count, CRP level, and BT were all significantly higher in the C group than in the NC group. The RFS tended to be worse for high-peak CRP groups than for low-peak CRP groups (Fig. S1a, b in the Electronic supplementary material, ESM). However, univariate analysis for RFS was performed, there was no significant difference in postoperative infectious complications or peak CRP level (Table 3) .
Discussion
The present study revealed that the prognosis of the 101 patients with GC who underwent curative gastrectomy after NAC was not significantly affected by the occurrence of complications. We demonstrated the possibility that NAC abolishes the poor prognosis induced by postoperative complications. Kubota et al. revealed that postoperative complications prolonged inflammation and negatively impacted prognosis in 1395 patients who underwent curative resection for GC [12] . Their finding that survival was different between patients with and without complications was especially remarkable in those with pStage III GC. Our study enrolled similar cases with locally advanced or extensive lymph node metastasis. In such cases, the occurrence of postoperative complications may affect prognosis more adversely because there is a high probability with advanced GC that residual and circulating cancer cells will remain. However, in our study, the prognosis was not significantly different between the C and NC groups. We consider that NAC is capable of treating invisible micrometastases and abolishing the poor prognosis induced by postoperative complications.
Next, we focused on the postoperative inflammatory response. The mediators and cellular effectors of inflammation are important constituents of the local tumor environment. The inflammatory cells and mediators in tumor tissues induce tissue remodeling and angiogenesis [25] . The long-term follow-ups performed in randomized trials have shown that aspirin reduces the risk of colorectal cancer after a delay of several years, possibly via inhibition of COX-2, which is one of the major inflammatory cytokines [26] . It was shown recently that postoperative peritoneal fluid from infected patients after surgery for colorectal cancer enhanced both the migration and invasion of residual tumor cells, thus facilitating their growth into recurrent tumors [27] . These findings suggest that inflammation caused by postoperative complications leads to the release of systemic cytokines and immunosuppression, which cause metastasis and recurrence. In the present study, the postoperative inflammatory response (as defined by BT, WBC count, and CRP level) was significantly increased and prolonged in the C group; however, the prognosis was not significantly different between the C and NC groups. Moreover, we evaluated the prognosis of the patients with inflammatory complications within the C group. There was no significant difference in prognosis between the patients with and those without inflammatory complications. The RFS tended to be worse for high-peak CRP groups than for low-peak CRP groups (Fig. S1a, b in the ESM). We believe that it is difficult to completely abolish the impact of inflammation, but the results of this study show an improved prognosis compared to the report by Kubota et al. [12] . There are several limitations of our study. First, this study was a retrospective analysis conducted at a single institution and thus might be subject to several biases.
The number of cases was relatively small, and the patient background characteristics showed nonuniform distributions. Hence, a prospective multi-institutional study is desirable to validate the present findings. Second, this study was subject to the shortcomings generally associated with observational studies. The median follow-up of 33.7 months was relatively short. However, when it occurs, recurrence of GC usually develops within the first 2 years after surgery, so our follow-up time may have been sufficient considering the recurrence rate [28] .
In conclusion, the results we have presented here are the first to demonstrate the possibility that NAC abolishes the poor prognosis induced by postoperative complications after curative resection in patients with GC, suggesting a novel effect of NAC as a prophylactic therapy for GC. Further basic and clinical studies of the mechanisms of micrometastasis, inflammatory mediators, and the microenvironment of the tumor are necessary in the future. These findings may help to improve the prognosis of patients with GC. Fig. 3 Changes in the white blood cell count (a), C-reactive protein level (b), and body temperature (c) in patients with and without complications after resection of GC with curative intent. For the analysis, we used the peak body temperatures for each day evaluated. Bars show standard errors. *P < 0.05, **P < 0.005
